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The importance of mechanical aspects related to cell activity and its environment is becoming more evident
due to their influence in stem cell differentiation and in the development of diseases such as atherosclerosis.
The mechanical tension homeostasis is related to normal tissue behavior and its lack may be related to the
formation of cancer, which shows a higher mechanical tension. Due to the complexity of cellular activity, the
application of simplified models may elucidate which factors are really essential and which have a marginal
effect. The development of a systematic method to reconstruct the elements involved in the perception of
mechanical aspects by the cell may accelerate substantially the validation of these models. This work proposes
the development of a routine capable of reconstructing the topology of focal adhesions and the actomyosin
portion of the cytoskeleton from the displacement field generated by the cell on a flexible substrate. Another
way to think of this problem is to develop an algorithm to reconstruct the forces applied by the cell from
the measurements of the substrate displacement, which would be characterized as an inverse problem. For
these kind of problems, the Topology Optimization Method (TOM) is suitable to find a solution. TOM is
consisted of an iterative application of an optimization method and an analysis method to obtain an optimal
distribution of material in a fixed domain. One way to experimentally obtain the substrate displacement is
through Traction Force Microscopy (TFM), which also provides the forces applied by the cell. Along with
systematically generating the distributions of focal adhesion and actin-myosin for the validation of simplified
models, the algorithm also represents a complementary and more phenomenological approach to TFM. As a first
approximation, actin fibers and flexible substrate are represented through two-dimensional linear Finite Element
Method. Actin contraction is modeled as an initial stress of the FEM elements. Focal adhesions connecting
actin and substrate are represented by springs. The algorithm was applied to data obtained from experiments
regarding cytoskeletal prestress and micropatterning, comparing the numerical results to the experimental ones.
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